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DEVELOPMENT OF A SEMI-AUTOMATED TOBACCO 
STRIPPING MACHINE UTILIZING STRING TRIMMERS 
R. G. Sperry,  J. H. Wilhoit,  G. A. Duncan 
ABSTRACT. Conventional stripping of burley tobacco is labor intensive and typically requires 50 to 75 worker hours per 
acre (wkr•h/acre). The goal of the project was to reduce labor by optimizing leaf removal by string trimmer heads using 
combinations of strings lengths and motor speeds. In tests conducted on a single grade, all leaves outside the grade were 
removed by hand. Plants were run through the machine for string lengths of 13, 18, and 23 cm (5, 7, and 9 in.) and 
associated motor speeds which were monitored and recorded. Stripping efficiencies were calculated for each plant and 
collectively for each set of four plants. The machine was then tested for three grade stripping efficiency. Particle size 
analysis tests were run to determine potential losses due to leaf shredding. Efficiencies for single grade testing ranged 
from 93% to 96% for optimal string length and speed combinations. Stripping three grades by machine resulted in an 
average of 97% efficiency. Potential losses due to shredding accounted for 5.6% of the total weight mechanically removed. 
It is believed that this stripping concept, implemented on a full scale four grade basis, could result in savings of at least 
45 wkr•h/ha (18 wkr•h/acre). 
Keywords. Tobacco, Stripping, Mechanization, Efficiency. 
urley tobacco production is extremely labor 
intensive compared to most other crops. To 
produce just one acre can require between 160 to 
200 worker hours (Duncan, 2006). Of the total 
labor required to produce an acre of tobacco, stripping is 
the most labor intensive step. Typical hand stripping is 
tedious and slow. It involves the workers removing and 
separating each three or four grades of leaves by hand from 
approximately 17500 stalks/ha (7000 stalks/acre). After the 
leaves are removed, they are placed in collection boxes 
based on grade. The leaves from the boxes are then pressed 
into large tobacco bales to be sold. With few mechanical 
aids for producing the crop, the required labor and 
associated costs to produce burley tobacco are high.  
The main purpose of this research was to design, 
develop, and test components of a mechanical system to 
reduce the manual labor requirements for stripping and 
grading burley tobacco while keeping leaf losses due to 
shredding to a minimum. The key element of this semi-
automated mechanical stripping concept is the removal of 
tobacco leaves from an upright plant held at the cut end 
using a flexible trimmer string that is strong enough to 
detach the stems, yet gentle enough to leave the stalk intact. 
Furthermore, by adjusting string length for specific sections 
of stalk, the entire plant could be stripped and accurately 
graded based on its linear travel along a conveyor (fig. 1). 
The focus of this project was the optimization of leaf 
removal for different string lengths by varying motor 
speeds for a preset conveyor velocity of 23 cm/s (0.73 ft/s). 
Combining both the stripping and mechanical grading, this 
concept could result in a low-cost automated system for 
stripping burley tobacco.  
CONVENTIONAL STRIPPING OF BURLEY TOBACCO 
Conventional stripping of burley tobacco consists of 
workers removing leaves from the cured burley plant by 
applying pressure by hand to the stem of the leaf where it 
attaches to the stalk. One worker is usually assigned to 
remove one grade of leaf and then pass the plant to the next 
worker who removes the next grade (see table 1 for 
definition of terms used in burley tobacco production). This 
sequence continues until all grades are removed. The last 
worker deposits the leafless stalk in a group for subsequent 
disposal. The stalks are usually disposed of by spreading 
them on pasture. Sometimes the bare stalks are sent through 
a stalk chopper to make them easier to handle and to 
decrease decomposition time. Stripping is traditionally 
done in a small room attached to the tobacco housing 
facility. It is done between the months of November and 
February at times when the moisture content of the air is 
sufficient to maintain a pliable leaf so that shattering of the 
leaf does not reduce yield. Wilhoit and Duncan (2013) 
estimated the labor requirements to strip a crop of burley 
tobacco to range from 125 to 190 wkr•h/ha (50 to 
75 wkr•h/acre), which is nearly one-third the total labor 
required to produce the tobacco crop. 
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STRIPPING CONVEYORS 
Stripping conveyors have been an important 
development over conventional non-relay hand stripping. 
Straight line conveyors and circular conveyors such as the 
stripping wheel and the carousel system all improved 
stripping efficiency by freeing up both hands to use for 
stripping and by reducing the amount of walking required 
by each worker. Studies conducted at the University of 
Kentucky showed that labor requirements decreased from 
183 to 128 wkr•h/ha (73 to 51 wkr•h/acre) through the 
implementation of the stripping wheel (Wilhoit and 
Duncan, 2013), a 30% saving in labor over conventional 
hand stripping operations. The basic concept of holding 
plants and conveying them past workers or through 
stationary stripping devices has become an important 
element in the design of some tobacco stripping machines.  
LEAF REMOVAL AIDS 
In an attempt to reduce labor requirements by 
mechanically removing leaves from the stalk, several leaf 
removal aids have been developed. Among these were 
variations of a pinch roller design where two opposed 
rollers grasped the leaves and pulled them from the stalk. 
The average work rate for this style of machine was around 
110 wkr•h/ha (44 wkr•h/acre) assuming an average 
population of 17500 plants/ha (7000 plants per acre) 
(Miyake and Manzawa, 1989). Other machines utilized 
counter revolving wiper blades to sever the leaves from the 
stalk or mimicked hand stripping by clamping the leaves 
and forcing them opposite their direction of growth. Due to 
the difficulty in properly grading the leaf, and the lack of 
significant reduction in labor requirements when compared 
to stripping using much cheaper relay methods, no machine 
has been widely adopted. 
In the early 1980s there was a mass influx of what were 
referred to as Knot-Hole strippers. Feeding a plant tip end 
first through an opening in a set of opposed metal plates 
removed the leaves from the stalk as the plant was 
propelled through the device. While labor reductions were 
comparable to the roller stripper, the inability to effectively 
grade the tobacco was a problem (Duncan and Tapp, 1984).  
SEMI-AUTOMATED STRIPPING MACHINES 
Wells and Bader (1990) developed a semi-automated 
mechanical system for stripping and grading cured burley 
leaves using two opposed horizontal gathering belts that 
grasped the leaves and removed them from the stalk. A 
separated carousel platform rotated to allow the correct 
number of leaves to be placed in the grading bins. They 
determined that 97.6% of usable leaf material was removed 
from the plants tested and that the productivity of the 
machine was approximately 2.4 times that of traditional 
hand stripping.  
A new machine for stripping cured burley tobacco from 
the stalk has recently been developed in France. This semi-
automated machine utilizes the proven method of pulling 
leaves from the stalk with opposed rollers. A cured plant is 
placed onto the machine horizontally, with the leaves 
hanging down vertically. Once in position, two rotating 
rollers come together on the hanging tobacco leaves and 
pull them from the stalk (Eodiss Systems, 2010). Already 
having been separated by the grading guide bars upon 
loading, each group of leaves drops onto a conveyor and is 
conveyed to a baler. No productivity numbers have been 
released for this machine.  
A machine developed by Carolina Tobacco Services 
(CTS) has been in use for several years. Plants are fed tip 
ends first into a set of opposed sticker chains at the top of 
the machine after the tip grade has been removed by hand. 
As the plant progresses through the machine, two sets of 
beater bars with rubberized fingers rotate down to strip the 
cured tobacco leaves from the stalk. The stripped leaves fall 
into one of four bale boxes underneath. Grading is 
accomplished by stalk position based on linear travel of the 
plant through the machine. Excluding labor for baling, 
observations place the labor requirements of this machine 
at approximately 70 wkr•h/ha (28 wkr•h/acre) assuming 
average yields and a plant population of 17500 plants/ha 
(7000 plants/acre) (Wilhoit and Duncan, 2012). The high 
initial cost, between $30,000 and $40,000, plus expensive 
repair parts, has lessened the appeal of the machine to 
farmers. 
MACHINE DESIGN, DEVELOPMENT,  
AND FABRICATION 
A mechanical burley tobacco stripping machine was 
proposed to reduce the manual labor requirements for 
stripping and grading burley tobacco while keeping leaf 
losses due to shredding to a minimum. The design utilized 
the effectiveness of cutting with a string trimmer along 
with the gentleness achieved by using a flexible plastic 
string rather than metal blades. The proposed design would 
be able to strip into four grades – three mechanically and 
one by hand. A worker would remove the flyings grade by 
hand and place the plant in the machine. The stalk would 
then be conveyed past three stationary string trimmer 
Table 1. Definition of terms used in burley tobacco production. 
Term Definition 
Case  The condition of the cured tobacco leaves when ready for 
stripping based on the moisture content of the leaves. 
Flyings  Bottom grade of the tobacco plant near the cut end of the 
stalk. 
Grading  Sorting the cured tobacco leaves into the proper groups 
based on stalk position, color and maturity. 
Leaf  Third grade up from the bottom of the tobacco stalk.
Lug  Second grade up from the bottom of the tobacco stalk.
Non-relay 
stripping 
 One worker strips all grades of the plant. 
Relay 
stripping  
A chain of workers where each worker only strips one 
grade before passing the plant on to the next worker. 
Stripping  Removing cured tobacco leaves from the stalk either by 
hand or machine.  
Stripping 
efficiency 
 
 
Based on weight, the percentage of cured tobacco leaves 
and stems removed from the stalk, compared to 100% leaf 
and stem removal. 
Stick  
 
A wooden stick that tobacco plants are speared onto when 
they are harvested, usually six plants to a stick. The stick 
is then hung across spaced rails for curing. 
Tip  The fourth grade up from the bottom, at the top of the 
stalk. 
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heads. The trimmers would remove the lug, then the leaf, 
and finally the tip grades, and allow each to fall into a 
separate grade box for easy removal and baling (fig. 1). 
This would contribute to a relatively accurate grading by 
removing a certain number of leaves from each section of 
stalk. The ultimate goals for this design were to reduce 
labor, ease work, and save money with a semi-automated 
stripping/grading machine.  
EXPERIMENTAL CONFIGURATION 
Preliminary testing with readily available parts and 
inexpensive off-the-shelf string trimmers yielded 
information about an optimal configuration for testing the 
effectiveness of removing leaves with a string trimmer. 
Several key elements were implemented. First, larger 2.7-
mm (0.105-in.) string was required because smaller string 
showed significant wear and broke frequently. Second, to 
achieve proper speeds for leaf removal with the larger line, 
a 6.3-A universal electric motors (DAYTON model 
#2M145) was used to power the trimmer head. The trimmer 
motor speed was controlled with a Dayton Electronics 
motor controller model #4X797, and monitored using a 
magneto-resistive Hall Effect sensor, and a magnetic pulsar 
disc attached to the shaft of the electric motor. A program 
written in Microsoft Visual Studio was used to log motor 
speed over time. The logged data were used to examine 
changes in motor speed as plants passed the trimmer. 
A 3.7-m (12-ft) long straight line chain conveyor was 
used for the setup. This allowed for easier grading and 
alignment of the trimmer heads. The conveyor was 
constructed with two opposing track slots in which tabs on 
the chain moved. Horizontal legs were attached to the 
bottom of the conveyor so that it could be easily mounted 
inside a portable pallet rack setup. The conveyor was 
powered by a 0.75-kW (1-hp) capacitor start electric motor 
through a gear reduction to obtain the proper speed and 
torque required for selected operation. 
A spring-loaded self-centering positive grip cup that 
clamped a variety of stalk sizes was used. Only four cups 
were constructed and implemented at 61-cm  
(24-in.) intervals for the testing phase. The bottom of each 
cup was drilled, tapped, and screwed directly onto tabs on 
the conveyor chain. Designs for loading and ejection 
mechanisms are being considered for the design of a field-
scale prototype of the stripping machine but were not 
implemented at this stage. Figure 2 shows the configuration 
of the machine used for testing (note that only the two 
motors for the lower two grades are visible in this picture). 
Straight bristle concrete smoothing brushes were used in 
the final configuration based on positive results in 
preliminary testing. The brushes were mounted opposed on 
either side of the conveyor so that the bristles of one 
touched the bristles of the other. The brushes were angled 
approximately 30° along the length of the conveyor to 
funnel the plant past the string trimmer. They also served to 
rake the leaves back as the stalk approached the string 
trimmer, so that the strings tended to hit the stems rather 
than the leaf first, reducing shredding of the leaf. Figure 3 
shows the three sets of brushes, one for each grade and 
string trimmer head, and raked-back leaves that were 
detached by the string trimmers. This brush configuration 
seemed to increase stripping efficiency in preliminary 
testing. 
Figure 1. Basic configuration of stripping machine concept. 
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EXPERIMENTAL METHODS 
It was hypothesized that there is a speed threshold for 
optimum stripping of tobacco leaves from a stalk using 
string trimmers. Speeds above the threshold require more 
energy, contribute to increased string wear, and could cause 
excessive shredding of the leaves. Speeds lower than the 
threshold would not adequately strip leaves from the stalk. 
The speed thresholds for three different string lengths were 
investigated through experimental testing.  
GEOMETRIC ANALYSIS FOR COVERAGE 
Assuming a typical burley tobacco plant contains 
22 leaves per plant, the approximate breakdown for each 
grade would be as follows: three leaves for the flyings, 
seven for the lugs, seven for the leaf grade, and five for the 
tip grade (Duncan et al., 2008). Assuming the leaves are 
nearly evenly spaced on the stalk, different grades take up a 
different length of the stalk as seen in figure 4.  
Coverage of the entire tobacco plant and each individual 
grade by the trimmer strings was a major consideration for 
testing. Figure 5 illustrates the approximate length of stalk 
that each of three string length tested will cover, based on 
the distance from the center of rotation of the string to the 
stalk, which was about 10 cm (4 in.).  
Taking the data from figure 5 and arranging different 
string lengths for different grades in figure 4 gives a fairly 
accurate grading of an entire stalk of tobacco based on stalk 
position. Overlapping the section of stalk stripped for each 
grade helps to ensure that all pieces of leaves are removed.  
SPEED MEASUREMENTS AND RECORDING 
A 6.3-A motor equipped with the magnetic pulsar disc 
was connected to a basic motor controller. A Hall Effect 
sensor was mounted on the motor and a program was created 
in Microsoft Visual Studio to display and log speed over time 
based on the speed of the motor and the magnetic geometry 
of the pulsar disc. A sampling rate of 500 ms was chosen 
because it gave the best real time signal stability and an 
adequate number of points during abrupt speed changes.  
PROCEDURE FOR SINGLE-GRADE STRIPPING EFFICIENCY 
TESTS 
To make the experiments as controlled as possible, the 
first set of tests focused on only one leaf grade. The leaf 
and lug grades together make up the majority of the leaves 
on a tobacco plant. The leaf grade (fig. 2) was chosen 
because it is the more valuable grade (because it is closer to 
the top of the plant). Furthermore, stripping this grade by 
machine seemed to be more challenging in preliminary 
testing, so it was considered better for testing the 
capabilities of the machine. Tests were conducted at string 
lengths of 13, 18, and 23 cm (5, 7, and 9 in.), with four 
different motor speeds at each string length (table 2). To 
reduce the effect that the condition of the plants had on the 
performance of the stripping apparatus, the plants were 
stored in a controlled environment inside a conditioning 
chamber. The chamber was maintained at 20°C (68°F) and 
Figure 2. Configuration of the machine used for testing. 
Figure 3. Angled, opposed brushes that funnel the plant past the
string trimmer and rake the leaves back. Figure 4. Four grade coverage for 120-cm (48-in.) plants. 
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80% relative humidity to keep the tobacco in case while not 
allowing it to mold in the moist air. Only the plants to be 
tested in the next hour were removed from the chamber. 
This method of storing the tobacco proved to be very 
effective in allowing an extended period of testing outside 
normal stripping times.  
For each set of four plants, the leaf grade had to be 
isolated to ensure leaves from other grades would not affect 
the test results. Each plant was hand stripped to the nearest 
leaf according to table 3. Table 2 was created from the 
geometric analysis according to the expected coverage 
length known. The plants were then weighed separately. 
The four plants were placed in the four positive grip cups 
attached to the conveyor chain. The trimmer motor was 
started and the speed was adjusted to the desired test speed 
using real time speed indication from the logging program.  
The speed data recorded were saved to a file 
corresponding to the appropriate test number. After the four 
plants passed through the machine and the data logging was 
stopped, another weight measurement was taken to 
determine the amount of leaf removed by the trimmer.  
The tobacco and stems remaining on the stalk were 
stripped by hand and the plant was weighed again. The 
procedure was repeated for four motor speeds associated 
with each length of string (table 2). The whole set of four 
tests was replicated three times. Note that in table 2 each 
string length has a different range of test speeds. This was 
to compensate for shorter strings having a slower linear 
speed at the tip of the string.  
The stripping efficiency for each motor speed and string 
length combination was calculated using equation 1: 
 
  
   *100 
   
Stripping Efficiency
Initial Weight Machine Stripped Weight
Initial weight Hand Stripped Weight
=
−
−
 (1) 
where the initial weight is the plant weight after the leaves 
surrounding the test grade were stripped, the machine 
stripped weight is the weight of the plant after it passed 
through the stripping machine and the hand stripped weight 
is the weight of the stalk after all remaining leaves and 
stems are removed.  
PROCEDURE FOR THREE-GRADE STRIPPING EFFICIENCY 
TESTS 
Taking the information learned from the first set of tests, 
along with coverage and grading criteria from the 
geometric analysis, the machine was configured to 
accommodate the stripping of three grades by machine 
along with a fourth grade stripped by hand before feeding 
the machine. The same brush and motor configuration used 
on the single grade tests were installed in succession along 
the conveyor at different stalk heights, each height 
corresponding to a different grade. Optimal motor speeds 
were chosen for each string length tested in the single grade 
tests. The speeds chosen were based on the efficiency 
results of the single grade tests for each string length. The 
average stalk height of the plants used in testing was 
112 cm (44 in.). Based on simple geometry, each of the 
three stripping positions utilized 18-cm (7-in.) string 
lengths to achieve coverage for proper grading (fig. 6), and 
the motors were run at the speed considered optimum for 
that string length based on the results of the single grade 
stripping tests (3000 rpm). In a production setting, to 
account for the range of different stalk heights, it may be 
possible to segregate taller or shorter plants to a certain 
extent, and then change to the appropriate combination of 
string length and motor location for the range of stalk 
heights to be run through the machine.  
After the plants were removed from the conditioning 
chamber, the flying grade was removed from each plant by 
hand and the plant was weighed. Because adding the other 
two trimmers decreased the usable length on the conveyor 
needed for stationary loading of plants, only two plants 
were processed at a time. The plants were then passed 
through the machine where the lugs, leaf, and tip grades 
were removed based on stalk position and linear 
Figure 5. Stalk coverage length for different string lengths. 
Table 2. String length and motor speed test combinations. 
String Length (cm) Motor Speeds (rpm) 
13 3000 3400 3800 4200 
18 2800 3000 3200 3500 
23 2200 2500 2800 3000 
Table 3. Hand stripping ranges for different string lengths. 
13-cm String 18-cm String 23-cm String 
Strip first 35cm Strip first 30 cm Strip first 25 cm 
Leave 25 cm Leave 35 cm Leave 45 cm 
Strip the rest Strip the rest Strip the rest Figure 6. Three string coverage using 18-cm (7-in.) strings. 
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progression though the machine (fig. 7). After the plants 
passed by the three sets of trimmer heads, they were 
removed from the cups and reweighed. Then all the 
remaining leaf and stem material was stripped by hand and 
the plants were weighed again. An overall stripping 
efficiency was calculated for each plant using equation 1. 
The process was replicated five times for 10 plants total. 
The stripping efficiency results for one plant seemed to be 
in error because it was greater than 100%, so it was left out. 
Note that no assessment was made of grading accuracy.  
PROCEDURE FOR PARTICLE SIZE ANALYSIS 
Tests were conducted to determine the extent of 
shredding by the machine. While the size of the tobacco 
leaf pieces collected is not as much of an issue as it used to 
be because of new baling techniques, there is some concern 
that pieces that are too small might be lost during the baling 
process. After consulting with an expert in the field to 
determine the cut-off size for collectable tobacco particles, 
a threshold 2.5 × 2.5 cm (1 × 1 in.) was chosen (B. Pearce, 
personal communication, 21 April 2010). For testing 
purposes, pieces larger than 2.5 × 2.5 cm (1 × 1 in.) were 
considered able to be baled and pieces smaller than that 
were considered losses.  
When testing the stripping efficiency of the machine, 
some shredding was inevitable even after steps were taken 
to minimize it. It is important to note that with a contained 
stripping machine, most of the unrecoverable pieces from 
this test might in fact be recoverable. It is anticipated that 
very little tobacco would be lost outside of a fully working 
machine and thus, productivity would likely be higher than 
in these tests.  
In previous testing, some shredding occurred as a plant 
passed the trimmer head and small tobacco pieces were 
thrown outward from the motor. To collect these flying pieces 
and ensure that all of the stripped leaf, shredded or whole, was 
collected, an enclosure of plastic sheathing was built around 
the leaf grade removal section of the tobacco stripping 
machine. The enclosure was open on the bottom and built in 
such a way that it funneled the leaf particles to a sheet of 2-cm 
(0.75-in.) thick foam board for collection and inspection.  
For each test, a tobacco plant was taken from the 
conditioning chamber, then all leaves except the leaf grade 
to be tested were stripped by hand according to table 1. The 
plant weight was recorded. The single plant was placed cut 
end first in a clamping cup on the conveyor and run 
through the plastic enclosure containing a trimmer. Since 
3000 rpm for a 18-cm (7-in.) string length from previous 
testing gave the best stripping efficiencies, it was used as 
the appropriate speed for this phase of testing. The stripped 
stalk was removed and weighed again. All remaining leaf 
material left within the grade in question was removed by 
hand and the stalk was weighed again.  
Pressurized air was used to blow leaf particles off the 
conveyor to ensure that all pieces were collected. Once all 
smaller particles were on the foam board, the stripped 
leaves remaining in the brushes were removed and added to 
the board. The leaves were sorted into three groups: whole 
leaves, pieces larger than 2.5 cm (1 in.) square and pieces 
smaller than 2.5 cm (1 in.) square. A photo was taken of 
each sorted group to ensure consistency in sorting (fig. 8). 
Each group of stripped leaf was individually weighed on 
the plate of the scale and recorded. The test was repeated 
for a total of 10 plants. 
RESULTS AND DISCUSSION 
SINGLE GRADE STRIPPING 
Four motor speeds for each string length were tested to 
pinpoint which speed/string combination gave optimal 
stripping efficiency for the tests run. Tables 4, 5, and 6 
summarize the efficiency results for each of the three string 
lengths. 
In tables 4, 5, and 6 the average standard deviations 
(STDV) for 12 total plants, four plants for each initial 
motor speed and trial, were calculated. The lower the 
standard deviation for each motor speed string combination 
the better the consistency in stripping performance. Based 
on the overall averages from the set of tests, the standard 
deviations, and ruling out group one from the statistical 
Figure 7. Three grades stripped by machine. Figure 8. Sorting results from a particle size analysis test. 
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analysis, the optimal motor speeds for each prospective 
string length were chosen (table 7). 
Notice that for a string length of 23 cm (9 in.), both 
2800 and 3000 rpm are listed in table 7. Both motor speeds 
resulted in high stripping efficiencies. Based solely on 
stripping efficiency, the optimal speed to run a trimmer 
with a 23-cm (9-in.) string would be 3000 rpm. However, 
running the motor an extra 200 rpm might not warrant the 
relatively small gain in stripped leaf weight when compared 
with an increased chance of tobacco contaminated with 
plastic foreign material from string breakage. Under the 
conditions observed during all three tests, string wear and 
breakage seemed to be minimal. With more extreme 
conditions or with a large quantity of plants being run 
through the machine this could become an issue. 
THREE GRADE STRIPPING 
Based on the procedure for single grade testing, three-
grade stripping efficiencies were calculated for entire 
plants. An overall efficiency for the entire group was also 
calculated to give an estimate of the performance of the 
machine over a set of plants (table 8). 
The overall efficiency of 97% confirmed that the stripping 
efficiency of the machine remained high after the single 
grade stripping tests were expanded to cover multiple grades 
on an entire plant. These results validate the potential this 
machine has to be a benefit to smaller scale burley tobacco 
growers who primarily utilize hand labor. However, further 
testing would be required to assess grading accuracy. 
PARTICLE SIZE ANALYSIS 
The results from the particle size analysis tests show an 
average stripping efficiency of 96.9% for stripping of the 
leaf grade in this set of tests. The consistency of these 
stripping results compared with the results for the single 
grade 18-cm (7-in.) string length tests helps justify that the 
distribution of tobacco leaf piece sizes measured are typical 
values that could be observed over a large number of 
plants. Table 9 shows the percentage of the total weight of 
each sorted size category. Leaf pieces 2.5 × 2.5 cm (1 ×  
1 in.) and smaller made up 5.6% of the total weight. As 
discussed in the procedures, some of these could potentially 
be lost if proper measures are not taken to collect all leaf 
fragments. However, as long as these smaller pieces fall 
into the boxes below, they should be imbedded in the mix 
of other fragments and, thus, mostly recovered during the 
baling process. So, the actual loss of the smaller fragments 
would likely be less than the percentage of the total weight 
in these test results.  
PRODUCTIVITY AND ECONOMIC CONSIDERATIONS 
Based on trials with the machine, a conservative 
estimate for a single person to hand strip the flyings grade 
and feed the machine would be 1 plant every 6 s. As tested, 
the machine had a linear conveyor speed of 22 cm/s 
(0.729 ft/s), and the cups are spaced 61 cm (24 in.), so the 
time required for each plant was 2.73 s. If the conveyor 
speed of 2.73 s/plant is slowed down slightly to 
approximately 3.0 s/plant, then two people hand stripping 
flyings should be able to feed the machine (each person 
feeding plants alternately).  
Table 4. Stripping efficiencies with standard deviations  
for 13-cm (5-in.) string length. 
Initial Motor Speed (rpm) 
3000 3400 3800 4200 
Trial 1 45.9 74.4 92.0 96.7 
Trial 2 73.4 42.2 91.8 91.6 
Trial 3 62.1 66.2 94.8 84.8 
Efficiency 60.5% 60.9% 92.9% 91.0% 
STDV 22.8 28.8 7.1 11.4 
Table 5. Stripping efficiencies with standard deviations  
for 18-cm (7-in.) string length. 
Initial Motor Speed (rpm) 
2800 3000 3200 3500 
Trial 1 86.4 95.2 91.0 84.8 
Trial 2 96.1 97.2 96.4 93.2 
Trial 3 82.6 94.7 91.7 92.3 
Efficiency 88.4% 95.7% 93.0% 90.1% 
STDV 9.5 2.0 7.7 11.0 
Table 6. Stripping efficiencies with standard  
deviations for 23-cm (9-in.) string length. 
Initial Motor Speed (rpm) 
2200 2500 2800 3000 
Trial 1 68.5 95.5 95.8 99.3 
Trial 2 79.1 92.3 97.0 96.2 
Trial 3 53.3 94.2 95.2 95.6 
Efficiency 67.0% 94.0% 96.0% 97.0% 
STDV 28.5 5.4 2.6 1.9 
Table 7. Optimal speeds for each string length. 
String Length (cm) Optimal Motor Speed (rpm) 
13 3800 
18 3000 
23 2800 or 3000 
Table 8. Stripping efficiency test results for full (three grade) plant 
stripping with 18-cm (7-in.) string length and 3000 rpm motor speed.
Plant[a] Efficiency (%) 
1 94.6 
2 98.0 
3 94.1 
4 98.3 
5 96.7 
6 97.8 
7 98.0 
8 99.8 
9 95.8 
Average 97.0 
[a] The stripping efficiency results for plant 10 contained an error and 
were left out. 
Table 9. Sizes of tobacco leaf pieces after being stripped by machine. 
Plant 
Stripping 
Efficiency 
(%) 
Whole Leaf 
Particles 
(%) 
Particles Larger 
than 1×1 in.  
but Smaller than 
Whole Leaves (%)
Particles  
1×1 in. and 
Smaller (%) 
1 97.6 81.8 6.2 11.9 
2 95.7 91.6 3.5 4.9 
3 92.5 95.5 1.9 2.5 
4 99.3 89.5 3.5 7.0 
5 97.2 89.7 4.5 5.8 
6 99.8 89.7 5.0 5.3 
7 99.7 91.9 3.4 4.7 
8 93.9 93.4 3.1 3.5 
9 94.8 91.3 4.3 4.3 
10 98.4 86.5 7.3 6.1 
Average 96.9% 90.1% 4.3% 5.6% 
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Two people feeding the machine (at a rate of 2 plants/6s) 
results in a productivity of approximately 1200 plants/h. 
Assuming an operating efficiency of around 75% due to slow 
downs caused by missed cups or broken trimmer lines, an 
estimate for the projected productivity would be around 
900 plants/h. At 17,500 plants/ha (7000 plants/ acre), a 
hectare of tobacco could be stripped in 19.4 h (7.78 h/acre), 
and the productivity would be slightly more than 0.41 ha 
(1.0 acre) stripped per day. Depending on the yield, and 
assuming a four person crew (with two workers for 
exchanging collection boxes and baling), the potential 
stripping rate with this machine would be around 
43 kg/wkr•h (75 lb/wkr•h) or 80 wkr•h/ha (32 wkr•h/acre) 
for a typical yield of 0.9 kg (2 lb) per stick of six tobacco 
plants, or 2625 kg/ha (2333 lb/acre). Typical hand stripping 
requires 125 to 188 wkr•h/ha (50 to 75 wkr•h/acre) (Wilhoit 
and Duncan, 2013), so this stripping machine has the 
potential to reduce labor by at least 45 wkr•h/ha 
(18 wkr•h/acre) over the conventional system. Labor costs 
for a crew of workers can range from $10 to $15 per hour 
depending on location and housing costs. A farmer using a 
stripping machine based on this concept on 8 ha (20 acres) of 
tobacco could potentially save $3600/year in labor costs over 
conventional hand stripping methods at a labor rate of $10/h. 
At a labor rate of $15/h, savings could be as high as $5400.  
When it comes to mechanization, a major consideration 
for farmers is payback time. Payback time is difficult to 
estimate with this machine because there are many 
questions remaining to be answered and problems to be 
solved before this machine stripping concept could be used 
on an operational scale. In particular, a new design of the 
clamping cups and conveyor is needed so that the machine 
can be loaded with plants more efficiently and the stripped 
stalks automatically ejected at the end of the line. String 
wear and breakage is also a major issue because of the 
concerns that tobacco-buying companies have about 
foreign matter (non-tobacco related material, or NTRM) in 
the tobacco. The use of different, more expensive string 
materials and the implementation of certain maintenance 
regimes will likely be required to ensure that NTRM levels 
are kept below acceptable limits with this machine 
stripping concept used on a production scale. It is difficult 
to estimate the cost of a new concept based on an as-yet 
unperfected prototype, but a very rough estimate for the 
stripping machine based on its present configuration is 
anywhere from $5000 to $10,000. If dealing with the issues 
involved in making a production-scale stripping machine 
doubled the cost, the range would be from $10,000 to 
$20,000. Payback time could be as low as two years or as 
high as six, depending on the cost of the machine and labor 
wage rate. A payback time toward the lower end of this 
range could be quite attractive to producers. 
SUMMARY AND CONCLUSION 
An experimental semi-automated tobacco stripping 
machine utilizing string trimmers for leaf removal was 
developed and tested. With this concept, the lowest grade 
of tobacco leaf, the flyings, are removed by hand as the 
workers load the upright stalks, cut end down, into the 
machine, and the three other grades are removed 
mechanically with grade separation accomplished based on 
stalk position as the plants move linearly above collection 
boxes for each grade. In tests conducted on a single grade 
(with all leaves outside the grade removed by hand), 
stripping efficiencies ranged from 93% to 96% for optimal 
string length and motor speed combinations. Stripping three 
grades by machine resulted in an average of 97% 
efficiency. Potential losses due to shredding accounted for 
5.6% of the total weight mechanically removed. It is 
believed that this stripping concept, implemented on a full-
scale four-grade basis, could result in savings of at least 
45 wkr•h/ha (18 wkr •h/acre). Such a reduction in stripping 
labor requirements could save a producer with 8 ha 
(20 acres) of tobacco from $3600 to $5400 a year. For a 
production model stripping machine based on this concept 
costing from $10,000 to $20,000, payback time could range 
from two to six years. 
The stripping machine performed well in terms of 
stripping efficiency during these tests, but some questions 
need to be answered and several design modifications are 
needed to make it into an operational prototype. The cups 
and chain conveyor need to be redesigned so that the 
machine can be more efficiently loaded with tobacco plants 
in a continuous operation and the stripped stalks will be 
automatically ejected at the end of the line. Further work is 
needed to determine the effect that differences in leaf 
conditions (primarily moisture content) have on machine 
performance, and to investigate the issue foreign material 
in the tobacco from string wear and breakage. Once a 
prototype that can be operated continuously has been 
developed, further testing will be conducted to investigate 
these issues and to assess grading accuracy with this 
concept.  
REFERENCES 
Duncan, G. A. 2006. Unpublished table. Overview of significant 
labor reductions in burley production (1980-2006). Lexington, 
Ky.: Univ. of Kentucky Biosystems and Agr. Eng. Dept. 
Duncan, G. A., and B. Tapp. 1984. Evaluation of Burley Stripping 
Machines. Lexington, Ky.: University of Kentucky Biosystems 
and Agricultural Engineering Department. Available at: 
www.bae.uky.edu/publications/EXT/Tobacco/Evaluation_of_
Stripping_Machines.pdf. 
Duncan, G. A., G. Palmer, and A. Bailey. 2008. Stripping and 
preparation of tobacco for market. In 2008 Kentucky Tobacco 
Production Guide, ID-160. K. Seebold and B. Pearce, eds. 
University of Kentucky Cooperative Extension Service. 
Eodiss Systems. 2010. Unpublished video (in French). Lexington, 
Ky.: University of Kentucky BAE Dept. 
Miyake, Y., and K. Manzawa. 1989. Leaf stripping machine for 
stalk-cut tobacco. Tobacco Sci. 33: 1-4. 
Wells, L. G., and M. J. Bader. 1990. Automated sorting of 
oriented tobacco leaves. Applied Eng. in Agric. 6(1): 19-23. 
Wilhoit, J. H., and G. A. Duncan. 2013. Labor productivity and 
requirements for stripping burley tobacco. Tobacco Science. In 
press.  
  
